Progesterone plays an important role in maintaining pregnancy. The success of pregnancy depends on the balance of immune response between the mother and the fetus. Progesterone regulates the immunological response through progesteroneinduced blocking factor (PIBF) which is synthesized by lymphocytes. Progesterone-induced blocking factor inhibits the production of arachidonic acid, reduced NK cell activity, and modulates the cytokine balance by increasing interleukin-10 (IL-10) level that is produced by Th2. This study aims to determine the roles of natural progesterone administration on PIBF and IL-10 levels and the increase in gestational length. This is an experimental research with pre-and post-test design. Subjects were pregnant women who met the criteria (n = 22). The treatment was done for 7 days. Progesteroneinduced blocking factor and IL-10 levels were measured before and after the administration of natural progesterone and the length of gestation were noted. The study was conducted at Dr Hasan Sadikin Hospital within July to December 2013.
INTRODUCTION
Preterm delivery is a global problem and implicated as the second most cause of neonatal deaths in the world. The complications of preterm delivery cause nearly 35% (approximately 3.1 million) of neonatal deaths per year. 1, 2 Based on the data from year 2010, Indonesia ranked fifth for preterm delivery (675,700 births) with the ratio of 15.5% per 100 live births. 1, 3 Impending preterm delivery is defined as signs and symptoms of delivery during 24 to 34 weeks of gestational age, which include minimal of 2 contractions within 15 minutes that results in the cervical effacement and dilatation less than 3 cm. 4 Inflammation is one of the mechanisms that occur during a term and preterm delivery. Liggins et al has first declared that cervical effacement happens due to the inflammation process. Other researchers have also found that inflammation occurs in the cervix, myometrium and amnion during delivery process. Proinflammatory cytokines and chemokines are also responsible during the delivery, whether in infectious or noninfectious condition. [5] [6] [7] [8] Inflammation will activate the immunologic mechanism, such as the Th1/Th2 ratio. A balanced response between Th1 and Th2 is the key in maintaining pregnancy, by controlling the Th2 domination. Delivery itself is considered as a proinflammatory condition in which Th1 will dominate the Th1/Th2 ratio. Proinflammatory cytokine production will result in prostaglandin secretion, and thus uterus contraction will occur. [9] [10] [11] Th1 acts in initiation of delivery by producing interleukin (IL)-1b as the inducer of NF-kb. NF-kb will regulate the expression of various genes that are related to pregnancy, such as COX-2, oxytocin and IL-8. These cytokines will affect the production of PGE2, a molecule that is related to uterus contraction. 10 By the end of the pregnancy, myometrium will be activated (uterine awakening). Thus contractions will occur, influenced by a series of hormonal mechanisms, immune response to inflammation signals, cytokineprostaglandin and oxytocin production. 9, 12, 13 Progesterone receptors are found in the peripheral mononuclear membrane cell. These receptors consist of three nongenomic groups, such as mPRa, mPRb and mPRg. [14] [15] [16] Through these receptors, progesterone releases immunologic effects in the peripheral circulation and endometrium. The mediator for progesterone, which acts as an immunomodulator, is called progesteron induced blocking factor (PIBF). This is a protein that is produced by activated T lymphocyte CD4+ in the peripheral blood. Progesteron induced blocking factor is activated by the binding of progesterone to the receptor in the peripheral mononuclear membrane cell. Progesterone induced blocking factor will hamper the cytolytic act of NK-cells and increase the Th2 production, therefore, influencing the Th1/Th2 ratio and increasing asymmetric antibody production for good maintenance of the pregnancy. [17] [18] [19] [20] During this immunologic mechanism, Th1 will produce proinflammatory cytokines, while Th2 will produce anti-inflammatory cytokines, such as IL-4, IL-5, IL-10, IL-13 and GM-CSF. Th2 acts in humoral immunity by increasing the antibody production to fight against extracellular pathogen, thus considered as building an anti-inflammatory environment. 20, 21 Interleukin-10 is an anti-inflammatory cytokine, produced by the trophoblast, desidual and human chorionic tissue. The IL-10 level will be adjusted according to the gestational age. A decrease in the basal production of IL-10 will initiate an inflammation process. 22 Interleukin-10 is a potent cytokine that may directly interact with the inflammatory effects of Th1. In a study done in mice, a delivery induction will cause decrease in the level of IL-10. 23 Some interventions have been done in order to prevent preterm delivery. One of them is by progestin administration. Many researchers have investigated the role of progestin administration in prevention of preterm delivery. One research done by the maternal-fetal medicine units network declared that progestin administration has significantly reduced the rate of preterm delivery. Csapo has conducted studies on progesterone administration in impending preterm delivery and suggested that progestin may have a role in maintaining the quiet phase of uterus and blocking the factors that may initiate the labor process. 13, 24 Da Fonseca et al utilized progestin (as derivate of natural progesterone) per vaginam to prevent preterm delivery in cases with cervical length of ≤15 mm. This study showed that preterm delivery decreased significantly with the administration of progestin. 25, 26 Dodd et al performed a meta-analysis from 11 randomized clinical trials (RCT) about the use of intramuscular progestin 17 alpha-hydroxyprogesterone caproate (17 OHP-C) and four RCTs about the intravaginal use of natural microionized progesterone. This meta-analysis demonstrates that prevention of preterm delivery using both natural and synthetic progestin may decrease preterm delivery rate and low birth weight for babies in impending preterm delivery cases. American College of Obstetricians and Gynecologist (ACOG) suggests that the use of progestin could prevent preterm delivery especially in patients with history of preterm delivery. 27 Other study suggests that women with single pregnancy, no history of preterm delivery and cervical length of ≤2 cm, who receive intravaginal progestin (gel) 90 mg or 200 mg suppositories, are related to the reduction of preterm delivery and perinatal morbidity and mortality. 25, [28] [29] [30] [31] [32] Natural progesterone administration has no side effects for the fetus growth and development, nor adding any risk for congenital anomaly. Northen et al stated that after 4 years of observation in 278 children whose mothers received long-term natural progesterone therapy during pregnancy, none had side-effects based on the physical examination, motoric and personal-social ability. 29, 33, 34 On their study, Hudic et al still performed tocolytic treatment to both subject groups who received and did not receive dydrogesterone. On the subject group who did not receive dydrogesterone, no increase of PIBF nor IL-10 levels were observed. Some other studies even concluded that there was no interaction between calcium channel blocker tocolytic treatments with progesterone administration. 35 The role of progesterone in preventing preterm delivery has not been clearly explored. In female humans and primates, synthetic antiprogesterone administration causes myometrium contraction stimulation due to the inhibition of 3B-hydroxysteroid dehydrogenase, which causes a decrement of progesterone concentration and results in the initiation of the delivery process. There are two mechanisms in which progesterone may prevent preterm delivery: (1) anti-inflammatory effect against the inflammatory processes that occur during preterm delivery and (2) by increasing the local progesterone concentration on placenta, thus, preventing reduction in the function of progesterone. 36, 37 Progestine is thought to have anti-inflammatory effect through immunologic mechanism involving PIBF. This anti-inflammatory effect results in preterm delivery prevention by regulating the anti-inflammatory cytokine or by increasing the local progesterone concentration on the pregnant tissue. These mechanisms will neutralize functional progesterone withdrawal which appears in preterm delivery.
SUBJECTS AND METHODS
This study was an experimental study using a preand post-test design to evaluate the effect of natural progesterone administration as additive treatment in impending preterm delivery cases. Subjects were 22 patients with impending preterm delivery risks. Diagnosis was made based on obstetric evaluation, physical examination, nonstress test using cardiotocography and ultrasound to fulfill the inclusion and exclusion criteria.
Subjects were given nifedipine as tocolytic and 200 mg natural progesterone in form of vaginal suppositories. Serum PIBF and IL-10 level were measured prior to natural progesterone administration by collecting 5 ml of blood sample from the median cubital vein. Blood sample was kept frozen for 30 to 45 minutes and then centrifuged at 3000 rpm for 15 minutes in order to obtain the serum. To analyze each variables, the serum was separated into three sample cups @ 0.5 ml (labeled with name, date and study number) and then frozen at -20ºC.
Subjects were then administered natural progesterone for maximum of 7 days. During the administration, subjects were observed for risk of preterm delivery in less than 7 days. Progesterone induced blocking factor and IL-10 levels were re-measured at day 7 if the subject had not yet given birth or prior to day 7 if subject had preterm delivery.
After all samples had been collected, they were packed and sent to the prodia bandung laboratory for PIBF and IL-10 level measurement by ELISA, using human PIBF immunoassay kit and IL-10 kit.
Data were analyzed using statistical program SPSS 20.0. Paired t-test (for data with normal distribution) or Wilcoxon test (for data with abnormal distribution) was used to compare the mean value of PIBF and IL-10 concentration, both on pre-and postintervention between the subject group and the control group. The result was considered to be statistically significant if p-value <0.05.
Pearson correlation test (for data with normal distribution) or Spearman correlation test (for data with abnormal distribution) was used to analyze the correlation between serum PIBF and IL-10 level. Descriptive analysis was used to evaluate the pregnancy success in percentage. Multivariate regression logistic test was used to analyze the impact of PIBF and IL-10 on gestational length.
RESULTS
This study was done from July to December 2013. Twentytwo subjects were recruited. Among them, 17 subjects were between 20 and 35 years old. The most dominant gestational age was between 30 and 34 weeks, as seen in 19 subjects. Only two subjects had history of preterm delivery.
The data for preintervention serum PIBF had normal distribution with p-value >0.05. However, the postintervention data had abnormal distribution. The pre-and postintervention IL-10 data also had abnormal distribution. Therefore, the analysis was done by using the Wilcoxon test.
Based on the Wilcoxon test analysis, postintervention PIBF level increase had a p-value 0.039 and postintervention IL-10 level increase had p-value of 0.031. Thus, both increases are statistically significant. Table 1 showed that there was a statistically significant difference between the median PIBF value after the natural progesterone administration in prolongation of gestational length group of <7 days (1055) compared to group of ≥7 days (1340.6) with p-value <0.001.
There was no significant difference between the median IL-10 level after the natural progesterone administration in prolongation of gestational length in the group of <7 days (0.48) compared to group of ≥7 days (0.62) with p-value = 0.267. There was an increased percentage of PIBF level on prolongation gestation length in the group of ≥7 days as high as 32.7%, whereas in the other group (<7 days) was -4.5% (p-value = 0.026). There was also an increased percentage of IL-10 level on the prolongation of gestation length in the group of ≥7 days as high as 110.4%, compared to the <7 days group (70.2%) (p-value = 0.007).
There was a positive correlation with moderate correlation strength between the PIBF and IL-10 level increase postnatural progesterone administration. By using Rank Spearman statistical analysis, this study obtained the r-value = 0.549 (p-value = 0.008). Point Biserial correlation analysis showed a positive correlation with moderate correlation strength between PIBF level increase and prolongation of gestational length (r-value = 0.428; p-value = 0.023). Graph 1 showed a positive correlation between serum PIBF level increase percentage and serum IL-10 level increase. Therefore, higher value of the serum PIBF level correlates with higher value of the serum IL-10 level.
Graph 2 showed that there was a positive correlation between the increases in serum PIBF level to prolongation of gestational length. Higher increase in the serum PIBF level correlates in longer gestational period which reflects to good maintenance of pregnancy. Table 2 showed that the variable with the most dominant effect on the prolongation of gestational length in patients with impending preterm delivery was serum PIBF level (coefficient value 0.16). Serum PIBF level has higher effect to prolongation of gestational length (OR 1.016; 95% CI: 1.001-1.031; p = 0.003) compared to other variables. The serum IL-10 level had no statistically significant effect on the prolongation of gestational length with OR 9.713 (95% CI: 0.168-560.1; p = 0.272).
DISCUSSION
In this study, the characteristics of the subjects are described based on the maternal age, parity, gestational age, and history of prior preterm delivery. These descriptions were used because they considered as biases for the impending preterm delivery risk factors.
The main risk factor for preterm delivery is the history of prior preterm delivery. Mother with one time history of preterm delivery will have an increased risk for the next preterm delivery as much as 5%. The risk will even increase to 41% in mothers with twice histories of preterm deliveries. 26, 38 The
Influences of Natural Progesterone Administration to Serum PIBF Level in Impending Preterm Delivery
This study showed that the serum PIBF level increased significantly (1098.5 vs 1269.6; p = 0.039) by the administration of natural progesterone.
This result of this study supports the result from the research done by Hudic et al which concluded that serum PIBF level in impending preterm delivery is lower than the normal pregnancy (171.12 ± 162.06 vs 272.85 ± 114.87; p < 0.05). 39 Hudic et al also stated that there was a significant increase of the mean serum PIBF level preand postdydrogesterone administration in patients with impending preterm delivery (138.92 ± 96.64 vs 289.21 ± 165.9; p < 0.01). In this study, subjects still received tocolytic treatment, whether they received dydrogesterone or not. On the control group, there were no significant increases of serum PIBF nor IL-10 level. This suggested that tocolytic treatment did not influence PIBF and IL-10 level on dydrogesterone status administration. 35 Study done by Gaspar and Hajagos-Thot stated that there was no interaction between tocolytic medication (such as calcium channel blocker) and progesterone. Study done Graph 1: Correlation between PIBF level increase to IL-10 level increase Graph 2: Correlation between serum PIBF level increase to prolongation of gestational length by Khajehpour et al stated that progesterone administration may increase ritodrine (beta-2 adrenergic receptor agonist) efficacy. 40 Vrachnis stated that the PIBF level in women with impending preterm delivery was lower than normal delivery. 41 Progesterone induced blocking factor produced by the progesterone receptor on lymphocyte and CD8+ and CD4+ desidual. Raghupathy concluded that peripheral PIBF level would be lower in abortus and preterm delivery cases. Progesterone induced blocking factor would be detected in the maternal serum and is correlated with the pregnancy success. In pathologic pregnancy, PIBF level would be lower, and thus can be used as a diagnostic tool for impending preterm delivery cases. 17, 18, 20 
The Effect of Natural Progesterone Administration to Serum IL-10 Level in Impending Preterm Delivery
Interleukin-10 is an anti-inflammatory cytokine which produced by the trophoblast, desidual and human chorionic tissue. The IL-10 level will be adjusted according to the gestational age. A decrease in basal production of IL-10 will initiate an inflammation process. 22 Interleukin-10 is a potent cytokine that may directly interact with the inflammatory effects of Th1. In research done in mice, a delivery induction will cause a decrease in IL-10 level. 23 Clinically, serum IL-10 level in women with impending preterm delivery is lower than in women with normal pregnancy. 41 Hudic et al stated that IL-10 level in patients with impending abortus and preterm delivery is lower, whereas the levels of IFNg and IL-2 tend to be increased. 39, 42 This result differs from Tsiartas et al whose study concluded that as much as 40% (out of 142) subjects with impending preterm delivery had labor in <7 days and these patients had higher serum IL-10 level compared to the other group who had more prolonged labor. 43 A study by Afriana et al stated that serum IL-10 level in impending preterm delivery group is higher than in normal pregnancy. This increase may be due to: (1) increase of IL-10 as response to raised cytokine production from Th1, (2) raised anti-inflammatory IL-10 level as a marker of delivery initiation.
Research done by Mitchell stated that IL-10 production by the amniotic tissue is part of the defense mechanism against delivery acceleration (inflammatory response). 44 Larsen and Hwang also found a significant increase of IL-10 level during preterm delivery. In mice, preterm delivery is marked by the increase of proinflammatory cytokines and the decrease of IL-10 level. Same results also were noticed in research using chorionic villi culture. Raised IL-10 level is found in both preterm and term delivery. This result is contradicted with several theories. A negative feedback mechanism against the proinflammatory factors during delivery may be responsible for this phenomenon. In large scale evaluation using umbilical blood, researchers found raised IL-10 level along with increased IL-2, IL-4, IL-5 and IL-8 levels. 7 Table 2 showed a significant increase of serum IL-10, pre-and postnatural progesterone administration (p-value = 0.031).
The Relationship between PIBF Level with IL-10 Level in Impending Preterm Delivery
Progesterone-induced blocking factor has important roles in maintaining pregnancy through several mechanisms, such as: 18 • Increasing 'the blocking antibody' asymmetrically • Domination of Th2 • Lowering the NK cell activities Balanced response between Th1 and Th2 is the main key in maintaining pregnancy. Th2 must dominate during pregnancy to protect fetus from being detected and eliminated by the maternal immune system on maternal-fetus interface. 18, 20 Table 3 showed a positive correlation with moderate strength between serum PIBF level and serum IL-10 level during natural progesterone administration (r = 0.549; Rank Spearman test; p-value = 0.008). This results was based on an in vitro study, which showed that progesterone increased the tendency of Th2 domination and decreased the Th1 production through immunomodulatory mechanism: PIBF-a protein produced by the activated peripheral CD8+ lymphocyte T. This protein will inhibit the cytolytic act of NK cell, increase the production of Th2 cytokines and has antiabortus effect in mice. [17] [18] [19] [20] Progesterone-induced blocking factor has an important role in inhibiting the NK cell activity. The second mechanism of PIBF is by inducing the Th2 cytokine response. Progesterone induced blocking factor facilitates the production of IL-3, IL-4 and IL-10, whereas IL-12 and IFNg (from Th1) will be depressed both in vitro and in vivo. 18, 20, 42, 45, 46 
JSAFOG
Kyurkchiev et al stated that progesterone caused apoptosis and increased the IL-10 secretion. Therefore, it is thought that progesterone may have influence in regulating the immune response. Kyurkchiev, in his study, performed dendritic cell culture which obtained from the human desidual monocyte cell. Increased progesterone level will induce PIBF and IL-10 production along with IL-12 blocking. 47
The Relationship between PIBF Level with Prolongation of Gestational Length in Impending Preterm Delivery
In Table 3 , it is shown that based on the point biserial correlation analysis, there is a positive correlation with moderate strength [r = 0.428 (p-value = 0.023)] between increased PIBF level with prolongation of gestational length. This result is similar to other studies which stated that a high serum progesterone level may pass the placental barrier and thus increase the Th2 domination in the maternal and fetus circulation through PIBF mediation. This phenomenon may inhibit the production of Th1 cytokines and induce the production of Th2 cytokines, thus increasing the immune-humoral response. Therefore, a high progesterone level in maternal-fetus interface plays an important role in maintaining pregnancy. 16, 20, 35, 39, [48] [49] [50] Larsen and Hwang stated that progesterone had interaction bond with lymphocyte that will produce PIBF. Progesterone-induced blocking factor has immunomodulatory function that increase the Th2 signaling pathway through IL-4 activation via JAK/STAT pathway along with a decrease in phospholipase A2 which will also decrease the production of prostaglandin. The study was done in mice, however, human also produce PIBF which has important role in maintaining pregnancy. 7
The Influence of Serum PIBF Level and IL-10 Level to Prolongation of Gestational Length
Progesterone acts as a potent immunomodulator in immune system by inhibiting T cell proliferation, increasing IL-10 production, regulating the antibody production, decreasing monocyte oxidation process and lowering the proinflammatory cytokine production. The effect of progesterone to Th1/Th2 ratio is carried by increasing the production of IL-4, IL-5 and anti-inflammatory cytokine, such as IL-10. Based on in vitro study, progesterone may increase the tendency of Th2 domination and decrease the Th1 production. During pregnancy, Th2 will dominate in the systemic circulation and in the placental barrier. Pharmacologically, progesterone will inhibit the production of Th1 cytokine and induce the cytokine production from Th2 and IL-10, thus increasing immune-humoral response. [17] [18] [19] [20] 49 Vrachnis stated that IL-10 is a potent cytokine that may directly interact with the inflammatory effect of Th1. Several studies have shown that IL-10 is one of the major anti-inflammatory cytokines that suppresses the proinflammatory cytokines. Medications or external agents that affects the immune system are called as immunomodulator agents. These agents may act as immunosuppressor or immunostimulant. Several treatments, such as IL-10 administration, antioxidant therapy, antibody therapy against MIF are said to have roles in preventing preterm delivery and perinatal morbidities. 41 Study done by Rivera on pregnant mices that were given Lipopolysaccharide (LPS) as proinflammatory agent showed premature deliveries, intrauterine growth retardation and fetus death. Some of the mices received IL-10 treatment and this treatment showed to improve the outcome by increasing the fetal body weight and lowering the proinflammatory cytokines (NO, TNF-a) and apoptosis. 40, 51 Hudic et al stated that in patients with impending abortus and preterm delivery, the IL-10 level would be decreased and the IFN-g and IL-2 level would be increased. Hudic et al also stated that synthetic progesterone administration may increase the serum PIBF and IL-10 level. In that study, 34% of the subjects who received progesterone had preterm delivery, which is less than those who did not receive progesterone (43.3%) (p < 0.05). 39, 42 The study did not mention about the role of PIBF nor the profiles of cytokines that responsible for the prolongation of gestational length. Table 2 showed that the serum PIBF level had significant influence on prolongation of gestational length, with statistic significance (OR 1.016; 95% CI: 1.001-1.0031; p-value = 0.033). The influence of serum IL-10 level on prolongation of gestational length was not significant (OR 9.713, 95% CI : 0.168-560.1; p-value = 0.272).
CONCLUSION
Increased level of serum PIBF and IL-10 postnatural progesterone administration in patients with impending preterm delivery will prolong the gestational length. Increased level of serum PIBF has a more dominant role compare to level of serum IL-10 in prolonging the gestational length.
